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Nerracon

Consuiting Engineers & Scientists

Tertacon Consiltants, Ine

1505 Old Happy Jack Road
AV], P.C. Cheyenne, Wyoming 82001
2035 West'and Road Phone 307.G32.9224

Fax 307.635 5756
www.lerracon, com

Cheyenne, Wyoming 82001

Attn: Mr. Tom Kent

Re: Preliminary Geotechnical Engineering Report
B & L Site
Campstool Road, Cheyenne, Wyoming
Terracon Project No. 24055066

Terracon has completed our preliminary geotechnical engineering study for the proposed B &
L Site to be located near Campstool Road in Cheyenne, Wyoming. Authorization to proceed
with this soil study was gliven by AVI, P.C. in a signed Agreement for Services dated
September 22, 2005, This study was performed in general accordance with our proposal and
agreement, Proposal No. 2405G082 dated September 22, 2005.

The results of our preliminary engineering study, including the boring location diagram,
laboratory lest resuits, test boring records, and the preliminary  geotechnical
recommendations needed to aid in the design and construction of foundations and other
earth connected phases of this project are attached.,

We appreciats being of service to you in the geotechnical engineering phase of this project,
and are prepared to assist you during the construction phases as well. If you have any
questions concerning this report or any of our testing, inspection, design and consulting
services, please do not hesitate to contact us.

Sincerely,
TERRACON ; , ,
Wl P, H P
Michael H, Frawley, E.I.T. Brent £. Wilkins, P E; ;‘;
Staff Engineer Geotechnical Departtent Manager

Reviewed hy: Rick Chestnut, P.E. ;r'f;/fe ' X

mhf/bfw

Copies to: Addressee (3)
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CHEYENNE, WYOMING

TERRACON PROJECT NO. 24055066
OCTOBER 17, 2005

INTRODUCTION

This report contains the results of our preliminary geotechnical engineering study for the
proposed B & L Site to be located near Campstool Road in Cheyenne, Wyoming. The

purpose of these services is to provide information and preliminary geotechnical engineering
recommendations relative to;

e subsurface sail conditions

*  groundwater conditions

= foundation design and construction
) earthwork

e  drainage

The preliminary recommendations contained in this repart are based on the results of field and

laboratory testing, engineering analyses, experience with similar soil conditions and structures,
and our understanding of the proposed project.

PROPOSED CONSTRUCTION

Based on information provided by the client, approximately 100 acres of undeveloped land
west of Campstool Road is proposed for light industrial and commercial development. The
property is situated south of Interstate 80 and adjacent to the west side of the Dry Creek

Waste Water Treatment Plant. The site is bordered to the south by an abandoned railroad
bed.

The specific development plan, structural design and site grading information ware not

available for this proposal. Therefore, we assume that maximun grade cuts will be no mare
than & feet and the future buildings will be slah-on-grade structures.

i NALOISDInjeck\geolechinicalr24 055068
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SITE EXPLORATION

The scope of the services performed for this project included site reconnaissance by a
geotechnical engineer, subsurface exploration program, laboratory testing, and engineering
analyses.

Field Exploration

A total of 12 test borings were performed on September 23, 2005, The widely spaced borings
were advanced to approximate depths of 19.5 to 20.5 feet at the locations shown on the
Boring Location Diagram, Figure 1. The borings were advanced with a truck-mounted drilling
rig, utilizing 4-inch-diameter, solid-stem augers.

The borings were located in the field by the client. Approximate ground surface elevations at
the boring locations were obtained by interpolation from contours indicated on the site plan.
The accuracy of boring locations and elevations should only be assumed to the level implied
by the methods used to determine each.

Lithologic logs of each boring were recorded by the geotechnical engineer during the drilling
operations. The logs of borings are presented in Appendix A. At selected intervals, samples
of the subsurface materials were taken by means of driving split-spoon and/or California barrel
samplers.

Penetration resistance measurements were obtained by driving the split-spoon or California
barrel into the subsurface materials with a 140-pound hammer falling 30 inches. The
penetration resistance value is a useful index in estimating the consistency, relative density, or
hardness of the materials encountered.

Groundwater conditions were observed in each boring at the time of site exploration and three
days after the completion of drilling.

Laboratory Testing

The soil samples retrieved during the field exploration were returned to the laboratory for
observalion by the project geotechnical engineer. At that time, the field descriptions were
reviewed and an applicable laboratory testing program was formulated lo determine
engineering properties of the subsurface materials.

Laboratory tests wele conducted on selected soil samples. The resulis of these tests are
presented in Appendix B, The test results were used for the geotechnical engineering
analyses, and the development of foundation and earthwork recommendations.  The

2 #2000 prajects\geoiernicaf 24 035066
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laboratory tests were performed in general accordance with applicable locally accepted
standards.  Soil samples were classified in general accordance with the Unified Soil
Classification System described in Appendix C.

Selected soil samples were tested for the following engineering properties:
¢ Water Content ¢ Plasticity Index

e Grain Size

SITE CONDITIONS

The site is located north of Crow Creek, west of the Dry Creek Waste Water Treatment Plant
and south of Interstate 80 and the proposed HR Ranch Road. Further the site is situated in

the southern half of Section 1, Township 13 North, Range 66 West of the 6th Principal
Meridian.

At the time of the field exploration, the site was undeveloped. The ground surface was
undulating native prairie and contained a moderate growth of native grasses. Site drainage
was primarily to the south following natural depressions and slopes, however, portions of the
northeastern part of the site drained to the north. Other site features included several stock
fences that crossed the site in multiple directions.

SUBSURFACE CONDITIONS

As presented on the Logs of Boring a layer of topsail extended to approximate depths of 4 to 9
inches. Below the topsoil layer in each boring except Borings 3008 and 3010, loose to dense,
slity sand typically extended to depths of 5 feet to the maximum depth of exploration in
Borings 3001, 3003 and 3008. Below the silty sand layer and below the topsoil in Borings
3008 and 3010, medium dense to dense, well- to poorly-graded sand with silt and gravel
extended to depths of 5 feet to the maximum depth of exploration in Boring 3002. Below the
well- to poorly-graded sand layer, medium dense to dense, silty sand or silty clayey sand
extended to the maximum depth of exploration in each remaining boring. In Borings 3009 and

3010 a relatively thin layer of very stiff to hard, lean clay was interbedded within the silty sand
soils.

Laboratary Test Resulis

sril well (o

LW eposive potantal
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At the time of the field exploration, and based on water content test results, the silty sand and
well- to poorly-graded sand soils were typically in a damp to moist condition in the field.

Groundwater Conditions

Groundwater was not observed in the test borings at the time of field exploration, nor when
checked 3 days after the completion of drilling. These observations represent groundwater
conditions at the time of the observations only, and may not be indicative of other times, or at
other locations. Groundwater conditions can change with varying seasonal and weather
conditions, and other factors. The possibility of groundwater fluctuations should be
considered when developing deslgn and construction plans for the project.

PRELIMINARY ENGINEERING ANALYSES AND RECOMMENDATIONS
Geotechnical Considerations

Based on information from the preliminary geotechnical engineering analyses, subsurface
exploration, and laboratory testing results, it is our opinion the proposed project can be
developed and the commercial structures can be supported on spread footing foundation
systems bearing on native soils or engineered fill. Preliminary design and construction
recommendations for foundation systems and other earth related phases of the project are
outlined below.

Foundation Systems

Based on our preliminary engineering analysis and experience with the local soil conditions,
spread footing foundations supported on native soils may be desighed using anticipated
bearing capacities ranging from 2,500 to 5,000 pounds per square foot.

Exterior footings should be placed a minimum of 36 inches below finished grade for frost
protection. Interior footings within heated areas of the building can he supported a minimum
of 12 inches below finished grade. Finished grade is the lowest adjacent grade for perimeter
footings and floor subgrade level for interior footings

The preliminary foundation recommendations contained in this report are based upon the
results of limited field and laboratory testing, engineering analyses, experience with similar soil
conditions and structures, and our understanding of the proposed project. The preliminary
recommendations contained herein should not be used for final design of the building
foundations, Additional sail borings, laboratory testing, and engineering analysis are required
for the purpose of final foundation design.
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Terracon

Floor Slab Design and Construction

The native soils should be suitable to support floor slabs on-grade provided the upper 8 inches
of the subgrade surface is scarified and recompacted in accordance with the Earthwork

recommendations given herein. Compacted, engineered fill can also be used to support the
floor slabs.

Some differential movement of a slab-on-grade floor system is possible if the maisture content
of the subgrade soils is increased. To reduce potential slab movements, the subgrade soils
should be prepared as outlined in the Earthwork section of this report.

Earthwork

The following presents generalized recommendations for site preparation, subgrade
preparation, excavation, and placement of engineered fills on the project.

All earthwork on the project should be observed and evaluated by Terracon. The evaluation
of earthwork should include observation and testing of engineered fill, subgrade preparation,

foundation bearing soils, placement of geogrid and other geotechnical conditions exposed
during the construction of the project.

Within building and pavement areas, the vegetative soils and any other deleterious materials

should be removed. All exposed surfaces should be free of mounds and depressions which
could prevent uniform compaction.

All engineered fill materials should be placed in maximum 8-inch-thick lifts and compacted to
at least 98% of ASTM D698 for structures and 95% of ASTM D698 for pavements.
Engineered fills should be compacted within a maisture range of 3 percent below to 3 percent
above optimum unless modified by the project geotechnical engineer.

Although evidence of underground facilities was not observed during the field work, such
features could be encountered during the final geotechnical study and/or construction, If
unexpected or underground facilities are encountered, such features should be removed
and the excavation thoroughly cleaned prior to backfill placement and/or construction.

Excavations into the silty sand and well- to poorly-graded sand soils may encounter weak
zones with possible sloughing or caving conditions. It is possible that loose zones of sandy
soils in certain areas will not be stable at the maximum slope inclinations as defined hy the

OSHA excavation and trench regulations. Slope inclinations flatter than the OSHA maximurn
values should be used.
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Excavation penetrating the cemented sand layers will require the use of specialized heavy-
duty equipment to facilitate hard soil break-up and removal. Consideration should be given to
obtaining a unit price for difficult excavation in the contract documents for the project.

The scils to be penetrated by the proposed excavations may vary significantly across the site.
The preliminary soil classifications are based solely on the materials encountered in widely
spaced exploratory test borings. The contractor should verify that similar conditions exist
throughout the proposed area of excavation. If different subsurface conditions are
encountered at the time of construction, the actual conditions should be evaluated to
determine any excavation modifications necessary to maintain safe conditions.

GENERAL COMMENTS

The preliminary analysis and recommendations presented in this report are based on the
data obtained from the borings performed at the indicated locations. This report does not
reflect variations in the subsurface conditions which may eccur between borings or across
the site. The nature and extent of such variations may not become evident until the final
geotechnical study or construction. |[f variations appear at subsequent times, it will be
necessary to reevaluate the recommendations of this report.

Terracon should be retained to perform a final geotechnical engineering study on the site to
verify that similar conditions exist throughout the proposed area of construction and to
provide detailed design and construction recommendations. Terracon should also be
retained to provide testing and observation during excavation, grading, foundation, and
construction phases of the project

The scope of services for this project are not intended to address the final design
considerations at the site and should not be used as such. Additional soil borings,
laboratory testing, and engineering analysis will be required to suppart final geotechnical
design and recommendations for the building foundations, slabs on-grade, and pavements.

The scope of services for this project does not include either specifically or by implication any
environmental or biological (e.g., mold, fungi, bacteria) assessment of the site or identification
or prevention of pollutants, hazardous materials or conditions. f the owner is concerned
about the potential for such contamination or pollution, ather studies shouid be undertaken.

This report has been prepared for the exclusive use of our clienl for specific application to the
project discussed and has been prepared in accordance with generally accepted geotechnical
engineering practices. No warranties, either express or implied, are intended or made. Site
safety, excavation support, and dewatering requirements are the responsibility of others. In

[o]]
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the event that changes in the nature, design, or location of the project as outlined in thls report
are planned, the concluslons and recommendations contained In this report shall not be
considered valid unless Terracon reviews the changes and elther verifies or modifies the
conclusions of this report In writing.

1SS ety venieedinicals 24 0555H
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-
B LOG OF BORING NO. 3000 inge 1 14
CLIENT
s AVl P.C. B ] N
SITE Campstoo! Road PROJECT
Cheyenne, Wyoming B B & L Site
SAMPLES TESTS
) 2z “13
s .| © 2 g
8 DESGRIPTION 2 =|8,] 2|8 | 4z
2 & | w é\ ElE 5
T T | »| O = eS|Z | 28
o = n| @ |lw| S Eﬁ wE | 2 Qi
2 & 182 |e| 3|89 |58|&s| 2E
O |Approx. Surface Elev.: 5929.5 ft 8 |82 |F|®|am|20|5a| S0 | |
=t a7 TOPSOIL, 8" 5529 | 1 |88 16
SILTY SAND, fine to medium sand, trace n
fine gravel, medium dense to dense, damp, =
light brown -]
—ism| 2 |ss 35 -
L 5.8 5924| 51 |
R WELL-GRADED SAND, damp, light brown -
ety 50225 =
SILTY CLAYEY SAND, fine sand, medium -
7 dense, damp, brown =t
7 —{sc| 3 |ss 19
10—15M
¥ l 1o _ 5817.5 =
W SILTY SAND, fine sand, medium dense, —
damp, light brown =!
—SM| 4 |88 18
16—
[ ‘ i
\ —|8M| 5 |SS 24
205 sa0a| 20—
End of Boring
: |
) Tho stratification lines represent the approximate boundary lines
petween soil and rosk (ypes: in-sity, the iransibon may be gradual ]
" : WATER LEVEL OBSERVATIONS, ft BORING S_TARTED__ 0-23-08
WL | No Water WD ¥ No Water  AD [BORING COMPLETED 9-23-08
| v CIFTACON [rc  cve-ssfrorewmn e
WL | AD measured on 9/26/05 lJjoB# 24055006
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p
‘ LOG OF BORING NO. 3000” - Page 1 of 1
CLIENT
e - _AVLP.C, _ o
SITE Campstool Road PROJECT
o Cheyenne, Wyoming B &L Site
SAMPLES TESTS ]
Q o = = o8
Q DESCRIPTION L =2, % g | B
0 € || Wl 35| glE | EF
T £ |»| W 2 Ee |zl E F4-
o £ 19 g w|w |ws | EE = 8uJ
2 g |a|3S|&|5|E9 (<6 |aeg| BE
O_|Approx. Surface Elev.: 5929.5 ft o |3|z|e|?|8a 33|88 S|
“ o7 TOPSOIL, 8" 5029 - 1188 16 | 7.2
SILTY SAND, fine to medium sand, trace =
fine gravel, medium dense to dense, damp, |
light brown i
—{sM| 2 |ss 35 1
| 5.5 5924 §—
ey WELL-GRADED SAND, damp, light brown -
R £ 5922 5 ]
7 SILTY CLAYEY SAND. fine sand, medium -]
dense, moist, brown ]
-|sC| 3 [ss 19 229
‘ 10:' SM ]
ZAlil2 50175
| SILTY SAND, fine sand, medium dense, —
[ damp, light brown ]
—{SM| 4 |SS 18
15—
. —8M| 5 [SS 24 |71
11 1208 5908| 20—
End of Boring
- Ny S FN T e
Bl The staiification lines epresent the approximate boundary ¥ines
+] hetween scil and rooi types: In-silu, the transition may be gradual
WATER LEVEL OBSERVATIONS, f BORING STARTED 923 05|
| WL |« No water WD |¥ No Water AD BORING COMPLETED 9-23-05
o T lerracon S e
LWL aD measured on 926/05 |JOB#  240550686)




Exhibit ML-7

r y
LOG OF BORING NO. 30_0_1 Page 1 of1
CLIENT
e Avi, P.C.
SITE Campstool Road PROJECT
Cheyenne, Wyoming o B &L Site
SAMPLES ‘_ TESTS
Q o) FS o ol
S DESCRIPTION e 2|2, 8|5 |8z
Q | S| x w | S| BlE | TR
T £ || W = w |ew | Z zZ3
Z Eolel2|e|g|bs(LE|s | BE
= L 125 [E_: S |89 <6 |xg| 2
O |Approx. Surface Elev.: 5926 ft o |5| 2 »|om [20|dd| Sn
il 06— TOPSOIL, 6" __—58as.5. -] 1 188 18
N SILTY SAND, fine fo medium sand, 5
medium dense to dense, damp, light brown -]
;—|SM| 2 |88 31 | 41 i
Trace to little fine gravel from 7' to 12* —
—SM| 3 |CB 19
10 =] —
I —
—SM| 4 |SS 19 | 486
15— )
—IsMm| 5 |sS 22 .
| | lz05 B 59085 20—]
End of Boring
_'
I'he siratification lines represent the approximate boundary Iines. S B
between soil ”ftl_ld rock types: ir-situ, the transition may be gradual, . J
WATER LEVEL OBSERVATIONS, ft BORING STARTED 92305

i WL |- No water WD [¥ No Water AD| BORING COMPLETED 4.23-05

w7 T B 1rerracon [RIG CME - 55 FOREMAN  MHF|

WL [ AD measured on 9/26/05 JOB# 24055086
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: WL'} No Water WD |¥ No Water AD

BORING STAR(ED

4 ™
- B ___ITOG OF BORING NO:_ 3002 B _ Pagetof1
CLIENT
S Avi,pC. . - _
SITE Campstool Road PROJECT
Cheyenne, Wyoming B &L Site
- _ SAMPLES TESTS
Q e 3 . ol
S DESCRIPTION |2 =2, %[5 |82
2 e ey laglE | B
I R (23 | z | F g o i % zZ=
<
O [Approx. Surface Elev.: 5915 ft 5 |32 k|3 im [$3|8% 55
T 03 \LORSOIL, 4" s — 1 /8§ 18 | 2.2
SILTY SAND, fire to medium sand. =i — |
medium dense to very dense, damp, light -
brown —_]
Some fine gravel below 3' |
= SM| 2 |88 44
- d |88 50/8" [ 1.9
10—_
12.5 5302.5]
POORLY-GRADED SAND with SILT, fine —
sand, medium dense to very dense, damp, _
light brown —|8P| 4 |88 15
15— gm
Layered cemented sand lenses below 17' -—«;
[ =
il]ses 20955, IR 5 18 50661801 17
End of Boring SM
= T i o e
The st ation fines rapiesent the approximate bouridary lines
betwean sail and wek types: 1 sity, the transicon may be gradual
WATER LEVEL OBSERVATIONS., ft

BORING COMPLETED

Tlerracon|" L
g\{VL I AD measured on 9/26/05 |LJOB #_H_?_,lql[)SﬁQ%

B T — . 2% ol

923408
9-23-05
MHF




Exhibit ML-7

- y
) LOG OF BORING NO. 3003 gt o1
CLIENT
. AV, P.C. o .
SITE Campstool Road PROJECT
i Cheyenne, Wyoming B & L Site
SAMPLES TESTS
Q 6, = o Q‘.g
9 DESCRIPTION e 2|8 .| 2lg |2z
o) & |2 £ glE ch
Q J > | E é -~ Z|5 Lo
n T 2] w < = 2 o E 5 r
3 B |8 58|58 k25, | o
<
G |Approx. Surface Elev.; 5921 ft 8 |82 |r|2|%a|53|58%| 55
T o8 TOPSOIL 8" ~ 1188 15
SILTY SAND, fine sand, loose to dense, _
damp, light brown 2=
= SM| 2 |SS 10 | 44
—Ism| 3 |ss 8
10—
=
Layered cemented lenses below 12.5' =
—SMTSS8 507368
15—
| : ——.
—|SM| 5 |SS 31
20.5 " 5000.5 20—
End of Boring
Tha shialilication lines represenl e approxintate boundary lings o e ]
| between soit and rock types: in-situ, the transitton may be gradual.

- f——— v e - ————

.} WATER LEVEL OBSERVATIONS, ft BORING STARTED g-23-05
TWL L N water wD IY No water AD BORING COMPLETED 9-23-05
| N L\ Err acon RIG CME - 55 | FOREMAN ~ MHF
WL AD measured on 9/26/05 | JOB# 24055066/
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GOl M=

N WATER LEVEL OBSERVATIONS 1

efnenunl the approxinigts boundary lines
types: In-silu the trauisiting iy be wiadual

e e e T e

~ B
- I:.EG OF BORING NO._3004 o  Pagetof1
CLIENT
b AV|, P.C, _ — ]
SITE Campstool Road PROJECT
Chey_eg_qg.__ﬂg_qming B & L Site
SAMPLES TESTS N
o o} S o al
S DESCRIPTION |2 =2, %l |82
T} € |5y w5 ElE 6
I - w oW E - i | Z Zz>
o = w | o Lug we 2 Qi
> B |83 |&|23|8S|53|x5y| SE
O _|Approx. Surface Elev.: 5936 ft & |S|z|F |3 |&a |23 |88 Sw | s
e TOPSOIL, 7" PRCERGE - 1 |SS 18 | 7.6
SILTY SAND, fine to medium sand,
medium dense, damp, light brown -
—SM| 2 |SS 23
5.5 5930.6] 5 —
s WELL-GRADED SAND with SILT and —|
RNPEE GRAVEL, dense, damp, light brown -
O o -
< f|'- ZIsW[ 3 |88 39 (1.2
_'.': i+ 10-—18M === —
il R EIE R
ot 5—1s
)¢ _ T ]
iz s o sotesl
bl SILTY SAND, fine sand, trace clay, -
. ‘ medium denge, damp, brown = g o
‘ —{sM| 5 |58 26 | 95
'l 208 B 5916.5| 20— Y
End of Boring
|
L W G S

. BORING STARTED 8 23.05]
1 WE T o water W [¥ No Water AD BORING COMPLETED 9.23.05
Y lerracon ) S

(WL | AD measured on 9/26/05 lJoB#  24085066)




Exhibit ML-7

d A
- LOG OF BORING NO. 3005 ——y
CLIENT
L AVI, P.C. R - -
SITE Campstool Road PROJECT
Cheyenne, Wyoming B&LSite .
I SAMPLES TESTS
Q o) S nld
9 DESCRIPTION 2 |2, *|E | &<
T £ || W FlFe|x z zZ>
o = (%] m w e w= tl_l E > o
¥ G (312 1e|3 |88 |58 |&s| BE
& |Approx. Surface Elev.: 5938 ft 8 [8|z|F|®a|om|30|ck| 5w o
T o \JORPSOIL, 4" ETE - 1 |8S 22
SILTY SAND, fine to medium sand, =
medium dense, damp, light brown —
5 —{sm| 2 |88 24 |69 |
1116 5932 =
% ;[I WELL-GRADED SAND with SILT and —
SRhlH GRAVEL, medium dense, damp, pale -
> ‘ pinkish brown —
=0 5928| 4 "1 3 |88 27 |19
SILTY SAND, fine sand, medium dense, 50
damp, light brown —
—{SM| 4 |SS 24
15—
| i
! —18M| 5 |SS 23 | 556 =
L1120 B 5917.6| 20—
End of Boring
W | | R 1 |
Uhe sliabfication lines epresent the approximate hoindary lines
hetwsaen sail and_lonk iypes: in-situ, the transition may be gradual ) _
WATER | f:?\/_E-'?L OBSERVATIONG, ft BORING STARTED .23 (5
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GENERAL NOTES

DRILLING & SAMPLING SYMBOLS:

SS: Split Spoon - 148" 1.D., 2" O.0., unless olherwise noted
ST Thin-Walled Tube - 2" O.D., unless otherwise noted

RS: Ring Sampler - 2.42° 1.0, 3" 0.0, unless otherwisa noted
Di: Diamond Bit Coring - 4", N, B

BS: Bulk Sample or Auger Sampte

The number of blows reauired lo advance d standard 2-inch ©.D. split-spaon samysier (58)

penetration wilh a 140-pound hammer falling

WATER LEVEL MEASUREMENT SYMBOLS:

WL: Waler Level
WCl: Wet Cave in
DCI: Dry Cave in
AB: After Boring

Water levels indicated on the boring logs
times and ather locations aaross the site could vary,

DESCRIPTIVE SOIL CL ASSIFICATION; Soil classification s haseidl on the Unified Classification System, Goarse Grainad Soils have
more than 0% of their dry waight relained on a #200 sigve; thelr principal doscdplors are. poulders, cobbles, gravel or sand. Fine
of their dry weight retained on a #200
plastic, and sills if they are: slighlly plastic of nort-plastic. Major constituents 1nay b ndded as moditiers and minor conatituents may be
addod according to Ihe relativie proporiions hased on grain size, In addition & ardalion, coarse-grained soils are defined on the basis
of lheir in-place relative density and hne-grained soils on the basis of their consistency.

Grainad Soils have 1ess than H0%

CONSISTENCY OF FINE-GRAINED SOILS

Standard
uUnconfined FPenetration or
Compressive Mevalye (55)
Strength, Qu, psf Blows/FL Consistency
< 500 <2 Very Soft
500 - 1,000 24 Soft
1,001 2.000 4-6 fedium Stiff
2,001 — 4,000 T2 Stiff
4,601 - 8,000 13-26 Vary Stiff
3,000+ 26+ Hard

RELATIVE PROPORTIONS OF SAND AND GRAVEL

Percent of
Dyy Weight

Deseriptive Terns) of other
constiinents

30 inches is considered the “Standard FPenclration” or "N-value”

are the levels measured in the borings at the times indicated, Groundwater levels at other
In perviaus solls, the indicated levels may
low permeability soils, the accurate determination of groundwater levels may nat be possible with only short-lerm whservations.

HS: Hollow Stem Auger

PA: Power Auger

HA Fland Auger

RB: Rock Bit

Wt Wash Boring or Mud Rotary

the Jast 12 inches of the total 18-inch

WS While Sampling

wWO: While Drilling

BCR: Before Casing Remaoval
ACR: After Casing Removal

raflect the logation of groundwater. In
principally describad as clays if ihey are

sleve; ey ale

RELATIVE DENSITY OF COARSE-GRAINED SOILS

tign
Relative Density
Very Loose
Loose
Medium Densi
Dense

Very Dense

SRAIN BIZE TERMINOLOGY

thator Sornpoasnt

Nerracon |
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b ——

Coarse-Grained Solls

Criteria for Assigning Group Symbols and Group Names Using Laboratory Tosts®

More than 50% retained on

No. 200 sieve

Fine-Grainad Soils

boulders, or both, add “with cobblas or
boulders, or boilh” lo group name.

C@ravels with 5 to 12% fines require dual

symbols:

GW-GM well-graded gravel with slit
GW-GC well-graded gravel with clay
GP-GM poorly graded gravel with silt
GP-GC poorly graded grave! with clay

OSands with 5 1o 12% fines require dual

symbals;

UNIFIED SOIL CLASSIFICATION SYSTEM

Clean Gravels
Less than % fines®

Gravels
More than 50% ol coarse
tfraction retained on

No 4 sleve
Gravels with Fines
Mare than 12% fInes®
Sands Clean Sands

50% of more of coarse
fractlon passes
No. 4 sleve

Less than 5% fines®

Sands with Flnes
More than 12% fings®

group name.
GM, or SC-5M.
group name.
group name,

ML, silty clay.

SW-SM well-graded sand with slit
SW-SC well-graded sand with clay
§P-SM poorly graded sand with silt
SP.SC poorly graded sand wlth clay

60

40

b S 1 - /i
For classlflcation of {Iine.gralned soils
and line-grained fractlon ef coarse- |
grained solls

,S’yrrzgz‘ Group Name!
Cu iz dand 1 < Oc = 3¢ GW  Wall-graded Qrax)eﬁ
Cu < 4 aqu/oﬂ » Go > 3% GP Paorly graded gravel”
Fines classily as ML or MK GM  Silty gravel® % H
Flnos clasyify as CL or CH - GG Clayey gravel™ & "
Cu=6and1 s Cc g 3° SWI V;;;a.ll_-grged sar-a-d.‘- -
Cu « & andlor 12 Co > at SP  Poorly graded sang'
Fines clagsify as ML or MH 5M ssmy;nuG He|
Fines ciassity = Cl. or GH I 8C  Clayey sand® ™!

Siits and Clays Inorganic Pl » 7 and plots on or above "A" fine!  CL  Lean clay™ b ™
50% or more passes ihe Liquid limit less than 50 ] .
No. 200 sleve Pl < 4 or plots below "A" line ML skt
iquid Ii = i eslay b MUON
organic Liquid Ilm_lt — oven drled < 075 oL L_)_rganlc ulay_ by
Liquld limit — not drled Organic itk - M. 0
Silts and Clays Inorganic P{ plols an or above "A" line CH  Fatclay® "M
Liquid {lmit 50 or more -
Pi plots below "A" line MH  Elastic siitf =M
i i imit — H ayK LM, P
organic Liquid limit oven diled <078 o Orga'l'_n clay .
Liguld limit — not dried Organic slit WM. Q
Highly organic soils Primarily arganic mattar, dark In color, and organic odor PT Pea!
ABasod on the malerial passing the 3-in, fCu = DD o (D) Kit soil montains 15 to 29% plus No 200, add
(75-mm) gieve. U= Ygg'Vy Gl BN “with aand” or “with gravel”, whichever is
Bif fi i n 60 redominant
It field sample contained cobbles or Fit soll containg = p

15% sand, add "with sand" lo
81t tines classify as CL-ML, use dual symbol GC-
Hit tines are organic, add "wlth organic tines" to

It soil contains = 15% graval, add "with gravel" to

3t Atterberg limits plot in shaded area, soil 1s a CL-

~
5 <&~
Eguation of "A" - ling /4 o If
Florzonial & P 4 1o L - 255 / _\\': "7 oy
thee L 07 L 20 MO o8
Eguation of U - lie 2 L ot
vortical ot L 98 s PL - 7 7| Y M
then P1 09 (LL - & P > (®) 7
i y P .
| P > ’J,f
i 1
| o |"I ;
' Ve | it IR
’ ZE e
Gl - M ; ]
d I
\ e N ) Bldl

Soil Classification

Y1t s0il conlalng = 30% plus, No. 200
predominantly sand, add "sandy" to group
name.

Mif soll contains = 30% plus No 200,
predominantly gravel, add "gravelly" to group
name

NPl = 4 and plots on or above "A" line
OF| « 4 or plols below A" line.

"B} plots on o1 above “A" line

PRI plets below “A" tine.

S
| | | [
II’I ]
A | f
O __-" i
\‘,‘\-::‘ : l
-
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